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Abstract—Social network plays an important role in college students’ life. 
The greater the social network support they have, the more adequate social net-
work resources they get, and the stronger their ability to cope with the challenges 
of study and life is. Existing studies have overemphasized the influence of social 
environment on college students’ academic success, and have not paid special 
attention to the influence of the outside world on the change of college students’ 
learning attitude. Therefore, this article studies the evaluation method of college 
students’ learning autonomy based on social network support. Firstly, the local 
and global features of network nodes are extracted, and the social network roles 
of college students are divided. Then, a new logical structure network is con-
structed based on the vector representation of each node, which maximizes the 
influence of relevant nodes on college students’ social network support. Finally, 
based on the new network structure, the meta-path walking algorithm is intro-
duced to evaluate college students’ learning autonomy by obtaining the attri-
bute features supported by social networks through network nodes. Experimental 
results verify the effectiveness of the proposed method.

Keywords—social network, social network support for college students,  
learning autonomy

1	 Introduction

Social network plays an important role in college students’ life. It has become a part 
of college students’ life, and has an incalculable influence on college students’ infor-
mation acquisition, thinking, learning and life [1–5]. Social network serves a window 
for college students to obtain information, show themselves and improve themselves 
[6–9]. College students are eager to succeed in their studies and life, but there are many 
complicated factors that affect their success, especially the social network support they 
have [10–13]. The greater the social network support they have, the more adequate 
social network resources they get, and the stronger their ability to cope with the chal-
lenges of study and life is. Existing studies have discussed how to provide necessary 
help to college students with insufficient social network resources, ignoring the influ-
ence of social network support on their academic success [14–20]. Learning autonomy 
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represents the degree to which students actively adjust their learning strategies and 
efforts based on existing support conditions. It is necessary to study the evaluation 
method of college students’ learning autonomy based on social network support.

Fernández-Vera et al. [21] puts forward two studies, focusing on two research ques-
tions: (1) How do college students in southern Chile communicate? (2) Can mobile 
apps persuade college students to increase their communication patterns? To answer 
these questions, the document conducts a survey of 90 students in southern Chile, and 
then develops a persuasive app called Social + Me, designed to monitor communi-
cation with student support networks and persuade them to stay in touch. Previous 
studies have shown that learners’ autonomy depends on the role of teachers. Huang 
[22] aims to explore the ideal and reality of college English teachers’ promotion of 
learners’ autonomy in blended learning classrooms. Quantitative research method is 
adopted. Two Likert questionnaires are conducted among 100 undergraduates. The col-
lected data is processed in SPSS 25.0. The results show that teachers’ practices are 
mostly inconsistent with students’ expectations, which shows that teachers fail to meet 
students’ needs. It is suggested to cultivate students’ autonomy in blended learning 
environment. The purpose of Aziz et al. [23] is to emphasize the use of technology to 
improve learning autonomy in EL classrooms. At the same time, it enables learners to 
fully control their own learning process, so as to better understand the materials they 
have learned and learn EL. This article will study the use of technology to promote 
learners’ autonomy in EL classroom, drawing on the new technology practice in edu-
cational research and teaching process. Student-centered learning requires students to 
be responsible for their own learning and become autonomous learners. Duarte [24] 
reports some research results of Portuguese mechanical engineering students’ learning 
autonomy (the first cycle) using hybrid method and sequential interpretation design. In 
this article, the focus is on the relationship between learners’ autonomy and academic 
achievement, and how it translates into students’ views on learning autonomy, its fea-
tures and importance, and the ways of learners’ autonomy improving their learning 
and build a bridge between research and practice in engineering education. The results 
show that students have positive views on their learning autonomy and its importance.

Existing studies overemphasize the influence of social environment on college stu-
dents’ academic success, and do not pay special attention to the influence of the out-
side world on the change of college students’ learning attitude. At the same time, the 
role of college students in social network is simply defined as negative and passive, 
ignoring the influence of college students’ personal initiative behavior on themselves 
and social network. Therefore, it is necessary to adopt subjective, objective, qualitative 
and quantitative methods to evaluate college students’ learning autonomy based on 
social network support, which can ensure the accuracy and rationality of the research 
results. Therefore, this article studies the evaluation method of college students’ learn-
ing autonomy based on social network support. Firstly, in the second chapter 2, the 
local and global features of network nodes are extracted, and the social network roles 
of college students are divided. The third chapter constructs a new logical structure 
network based on the vector representation of each node, which maximizes the influ-
ence of relevant nodes on college students’ social network support. The fourth chapter 
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introduces meta-path walking algorithm on the basis of the new network structure, 
and evaluates college students’ learning autonomy by obtaining the attribute features 
supported by social networks through network nodes. Experimental results verify the 
effectiveness of the proposed method.

2	 Division of college students’ social network roles

According to the role features of network nodes in college students’ social support 
network, they can be divided into three categories: direct support nodes, indirect sup-
port nodes and ordinary nodes. The goal of this article is to design a feasible solution 
to classify and define the roles of social support network nodes for college students 
through the feature attributes of network nodes.

In order to identify the direct support node s in the network, this article analyzes 
the influence of each node based on the extraction of local and global features of the 
network nodes. The local influence of Node i on Node j is influenced by Node i itself 
and the number of common friends of Nodes i and j. These two influences are usually 
determined by the degree of nodes and the number of common friends in social net-
works. Assuming that the local influence of Node i on Node j is represented by LI, the 
probability of information propagating from Node i to its one-hop neighbor node is 
represented by C(i), and the direct neighbor node of Node i is represented by Q(i), this 
article introduces equilibrium parameters β1 and β2 to quantify the local influence of 
network nodes of college students’ social support network:

	 LI C i
Q i Q j
Q i Q jij = +β β1 2( )

( ) ( )
( ) ( )

I

U
	 (1)

In the above formula, β1 and β2 satisfy β1 + β2= 1. The local influence value of Node i  
is the average of the local influence of i on all its neighbors. Assuming that the neigh-
borhood node set of Node i is represented by M(i), then:

	 LI
M i

LIi ij
j M i

=
∈
∑1

( ) ( )

	 (2)

Assuming that the shortest number of paths between two Nodes j and l is represented 
by Tjl, and the shortest number of paths with l through Node i is represented by Tijl, the 
mediation centrality index value can be calculated based on the local influence of i:

	 Y i
T
T
jil

jli l j U i j l
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∈ ≠ ≠
∑ 	 (3)

The final influence of Node i, that’s, the social network support provided to col-
lege students, can be the sum of the global and local structural information of Node i. 
The final influence of Node i represents the possibility and key of becoming the direct 
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support node of college students’ social network. Assuming that the direct support influ-
ence score of Node i is represented by W(i). The equilibrium parameters for adjusting 
the global and local influence ratio of nodes are expressed by γ1 and γ2, then:

	 W i LI Y ii( ) ( )= +γ γ1 2 	 (4)

In the above formula, γ1 and γ2 satisfy γ1 + γ2 = 1.
There are nodes spanning multiple social support sub-networks in college students’ 

social support network, which promote the information exchange among social support 
sub-networks and can be regarded as structural hole nodes of the network. Accord-
ing to the complex network theory, the smaller the network constraint coefficient of 
college students’ social support network is, the more structural hole nodes may be, 
and the greater the possibility of network structure hole is. Assuming that the network 
constraint coefficient value of Node i is represented by MD(i), and the proportion of 
the input of Node i to maintain the relationship with j to the total input is represented 
by ηij, then:

	 MD i i j l U l i jij il lj
l Nei ij Nei i

( ) ,( , , , , )
( )( )
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	 (5)

The first k smaller nodes in the calculation results of the network constraint coeffi-
cient MD(i) are selected and determined as indirect support nodes of the social support 
network for college students.

The selection threshold of direct support and indirect support nodes in college 
students’ social support network is used to adjust the proportion of the two types of 
nodes, which are represented by α1 and α2. Assuming that the set of ordinary nodes is 
represented by Es, the set of direct support nodes is represented by Et, the set of indirect 
support nodes is represented by Rp, and all node sets of social support network are rep-
resented by U, the following formula can give the expression of node set of ordinary 
network nodes in the network:

	 Es U Et Rp Et U Rp U= − − = =, ( * , * )α α1 2 	 (6)

3	 Maximizing the influence of college students’ social network 
support

Based on the second chapter, it’s possible to get the representation of all nodes in 
the social support network of college students: Ω ∈ S|U|×c. Because the larger the cosine 
similarity value of the vector represented by two nodes is, the greater the probability 
of mutual influence between the two nodes is. In order to make college students get 
the most social network support, this article constructs a new logical structure network 
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based on the vector representation of each node. The schematic diagram of the realiza-
tion process of maximizing the influence of social network support for college students 
is given in Figure 1. The new network constructed represents the influence probability 
relationship among network nodes, which can be defined as propagation probability 
network. In order to construct a new network structure, this article sets a similarity 
threshold ω to judge whether logical connection edges are added to the new network 
structure, which satisfies ω ∈(0,1). The following formula gives the calculation for-
mula of connection edge strength between any two nodes in the new network structure:

	 t
UH i j if U i j
otherwisei j,

( , ), ( , )
,

=
≥




  H ω
0

	 (7)

Assuming that the hyperparameter is represented by ω and satisfies ω ∈(0,1). The 
information propagation probability from Node i to Node j in the network can be char-
acterized by the above formulas ti, j. By default, the influence probabilities between 
network nodes are independent of each other. Based on the propagation probability of 
neighbor nodes of Node i, the probability that the node is activated by its neighbor node 
FA(i) for social network support for college students can be calculated:

	 Ts U i ti j
j FA i

( | ) ( ),
( )

= − −
∈
∏1 1 	 (8)

Similarly, for each node j∈U, under the influence of the node set R that has provided 
social support, the total activation probability of all nodes that have not provided social 
support can be calculated by the following formula:
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In the task of maximizing the influence of social network support, the ultimate goal 
of the constructed model is to activate more nodes that do not provide social support 
under the influence of R, in other words, to make the expectation Ts(U|R) larger. The 
following formula gives the model optimization goal expression at this time:

	
arg max arg max ( )

arg min ( )

,
( )

,

R R i j
j FA ii U

R i j
j

U
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t

= − −

= −

∈∈
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∈∈∈
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FA ii U ( )

	 (10)

Because the model objective shown in the above formula cannot be optimized 
directly, this article chooses heuristic algorithm to solve it, so as to realize the effective 
selection of node set R that has provided social support.
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Fig. 1. Schematic diagram of the realization process of maximizing the influence  
of social network support for college students

4	 Evaluation of learning autonomy based on meta-path walking

In the previous chapter, it’s possible to get a perfect new network structure by divid-
ing the roles of network nodes, inferring the influence probability relationship and 
determining the maximum influence goal in the social support network for college stu-
dents. According to the general process of network node attribute inference of social 
support network for college students, the embedding features of network nodes can 
be further obtained based on the embedding model, and the network node attribute 
inference based on the ensemble learning model can be realized at the same time. This 
article evaluates college students’ learning autonomy by obtaining the attribute fea-
tures of social network support from network nodes. However, the node feature vectors 
obtained by statistical analysis or embedding model are not enough to characterize the 
influence of network nodes on college students’ learning autonomy. Therefore, on the 
basis of the new network structure, this article introduces meta-path walking algorithm, 
and characterizes the positive incentive influence of social network support on college 
students’ academic success through the multi-dimensional walking features of network 
nodes, that’s, the promotion of college students’ learning autonomy.

The meta-path in the new network structure is defined as the sequential relationship 
between two node role types. Assuming that the meta-path in the new network structure 
is represented by T, the meta-nodes are represented by u1, u2 … uk+1 ⊆ US, and the influ-
ence probability meta-relationship is represented by O1, O2 … Ok ⊆ O, the following 
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formula gives a meta-path expression with a length of 1 from node role type u1 to node 
role type uk+1:

	 T u u uO O
k

k=  →  → +1 2 1
1  	 (11)

Specific to the new network structure of college students’ learning autonomy infer-
ence in this article, meta-nodes and meta-relationship can be redefined. For meta-nodes, 
the nodes can be divided into direct support nodes and indirect support nodes with pos-
itive incentive and ordinary nodes without incentive according to the results of node 
role determination during the construction of the new network structure. It is difficult to 
judge the nature of the influence probability relationship because of the complex types 
of relationships between meta-nodes. In order to solve this problem, based on the link 
embedding features of the new network structure and Kmeans clustering algorithm, this 
article obtains the best classification of node relationship for the incentive influence 
of college students’ learning success. The specific acquisition steps are described as 
follows:

1)	 Based on the new network structure embedding model, the embedding representa-
tion of the influence probability relationship of all nodes is calculated.

2)	 Set the threshold value P, adjust the number of clustering algorithms in the range of 
[1, P], and perform P-times clustering operation on the embedding representation 
of node influence probability relationship facing the influence of college students’ 
learning success incentive.

3)	 The obtained P different clustering results are evaluated based on Calinski- 
Harabasz scores. Assuming that the number of training set samples is represented 
by a, the number of clustering clusters is represented by l, the covariance matrix 
between categories is represented by Yl, the covariance matrix of data within cate-
gories is represented by Ql, and the trace of the matrix is represented by tr(∙), then:

	 CH l tr Y
tr Q

a l
l

l

l

( ) ( )
( )

= −
−1

	 (12)

When the calculation result of the above formula is the largest, the number of cate-
gories of the corresponding meta-relationship is the best. Based on the redefinition of 
meta-path, it’s possible to design a meta-path for inferring college students’ learning 
autonomy. Considering that the subject body of college students’ learning autonomy 
evaluation task is college students, and the starting node and ending node of meta-path 
are both college students’ nodes, the designed meta-path needs to meet the bounded 
length less than or equal to 3.

It is assumed that l’ new network structure meta-paths are obtained after the previous 
analysis. Next, this article takes these meta-paths as constraints to infer the influence 
tendency attributes of college students’ learning autonomy in network nodes. The iden-
tification of the influence tendency of college students’ learning autonomy in network 
nodes based on meta-path walking is mainly divided into two stages: meta-path feature 
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extraction, and network node representation and inference. The specific contents of the 
two stages are introduced below.

For convenience of expression, it is assumed that the left endpoint set of meta- 
relationship O1 is represented by XC(O1), the left endpoint set of meta-path T is rep-
resented by XC(T), the right endpoint set of meta-relationship O1 is represented by 
XZ(O1), and the right endpoint set of meta-path T is represented by XZ(T). Assuming 
that there is a meta-path T=u1→

O1u2 … →O2uk+1, then starting from the query node set 
uw ⊆ XC(T), according to the rules of meta-path T, the influence tendency attribute fea-
tures of any node x in XZ (T) on college students’ learning autonomy can be expressed 
by fuw,T(x), which can be calculated by the following formula when the length of T is 0:

	 f x u
if x u

others
u T w

w

w , ( )
,

,
=

∈





1

0

   
	 (13)

When the length of T is greater than 0, XZ(T) needs to be eliminated, and the meta-
path is T' = u1→

O1u2 … →Ok–1fuw,T (x). Assuming that the activation function is repre-
sented by HS(∙), fuw,T (x) can be calculated by the following formula:

	 f x f x
HS O x x
O xu T u T

k

kx XZ T
w w, ,

( ) ( ')
( ', )

( ')'
' ( ')

= ⋅
( )

∈
∑ 	 (14)

It can be seen from the above formula that HS(Ok(xʹ, x)) is 1 if Ok (xʹ, x) is true; oth-
erwise HS(Ok(xʹ, x)) is 0 if Ok(xʹ, x) is false. Through the above process, get the eigen-
values fuw,T (x) of college students’ learning autonomy influence tendency attribute from 
uw ⊆ XC(T) to any node x in XZ(T) with regular load element path T.

From the above calculation results, it can be seen that in the process of solving 
fuw,T(x), firstly, the known direct support nodes and indirect support nodes with positive 
incentives for college students’ learning autonomy will be selected from the network 
nodes of the new network structure as the query node set uw

+ ⊆ XC(T), and the ordinary 
nodes uw

− ⊆ XC(T) without incentives will be eliminated. After solving the eigenvalue 
fuw, T (x) of any node x in uw, taking the known uw

+ as the starting point, according to the 
order of meta-path T = college student node → supporting relationship/supported relationship support node 
→ sending neighbor ordinary node → sent college student node, fuw+,T (x) can be further 
solved based on Formula 14, that’s, the eigenvalues of college students’ learning auton-
omy influence tendency attribute under meta-path T from uw

+ for all network nodes. The 
detailed process is shown in Figure 2.

Based on meta-path walking network node, college students’ learning autonomy 
influence tendency identification algorithm flow will traverse all meta-paths. Firstly, 
for each meta-path Ti, the fuw,T (x) value of any node x in the non-starting node set is 
calculated until the college student node set of Ti is calculated, and the feature matrix Fj 
of the college student node set of Ti can be obtained. Repeating the above calculation 
process on all meta-paths can obtain the feature matrix F of college students’ node set 
on all meta-paths, and taking the transposed FT of F as the input of the evaluation model 
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of college students’ learning autonomy, the inference result vector of college students’ 
learning autonomy influence tendency of all network nodes can be obtained.

Fig. 2. Schematic diagram of the process of identifying the influence  
tendency of college students’ learning autonomy

5	 Experimental results and analysis

Fig. 3. Comparison of simulation results of six different networks

In this chapter, firstly, a comparative experiment on the influence scope of college 
students’ social network support under different node sets R scale that have provided 
social support is carried out. Figure 3 shows the simulation results of node influence 
corresponding to six networks with different R-scale conditions. It can be seen from the 
figure that the influence range of all network nodes on college students’ social network 
support increases with the increase of R scale. When the R scale is smaller, the influence 
range of six different R scale networks on college students’ social network support is 
close. With the increase of R scale, the constructed network model can still better char-
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acterize the influence probability relationship between network nodes, which shows 
obvious advantages in realizing the task of maximizing the influence of social network 
support for college students, and lays a foundation for further evaluation of students’ 
learning autonomy.

It is worth noting that due to the different scales of the node set R scale that have 
provided social support, the scale of the query node set for identifying the influence 
tendency of college students’ learning autonomy in the experiment is also different. For 
example, in Network 1 with a query node set size of 40, a set of nodes having provided 
social support of up to 20 nodes is constructed. In Network 2 with a query node set size 
of 450, a set of nodes having provided social support of up to 200 nodes is constructed. 
In order to evaluate the efficiency of the proposed method in maximizing the influence 
of social network support for college students, Table 1 summarizes the average simula-
tion results of six different networks under different balance parameter selection. This 
table gives the average of the influence range of network nodes on college students’ 
social network support based on 18 experiments with different balance parameters. 
It can be seen from the table that the proposed method can obtain the best experimental 
results when the balance parameter is 0.4, especially for network 4 and network 6.

Formula 7 introduces the similarity threshold ω, which is used to judge whether to 
add logical connection edges to the new network structure, to construct a new network 
which represents the influence probability relationship between network nodes. The 
value of this parameter will directly affect the accuracy of simulation results, so this arti-
cle analyzes the value of this parameter. Similarly, considering the size of the node set R 
that has provided social support, this article sets different step sizes. Figure 4 shows the 
comparison of simulation results with different similarity thresholds ω. It can be seen 
from the figure that the similarity threshold ω has certain influence on the experimental 
results under the same R scale, but the influence degree of ω on the experimental results 
is different under different R scales. Because this article takes into account the influence 
of R scale nodes on the scope of social network support for college students, so this 
article further counts the different ω settings for different network sample sets and set 
the optimal ω value of different network sample sets.

After the construction of the new network structure, in order to verify the effective-
ness of the proposed evaluation method of college students’ learning autonomy based 
on meta-path walking, this article explores the influence weights of all meta-path nodes 
involved in the new network structure in the inference of college students’ learning 
autonomy influence tendency, and the results are shown in Figure 5. It can be seen 
from the figure that the influence weights of nodes involved in the same meta-path 
are different when the positive incentive node set is used as the query node set and the 
non-incentive node set is used as the query node set, which shows that these nodes pro-
vide different social support to college students. This phenomenon also shows that there 
are some differences in the meta-path construction models between the node sets with 
positive incentives and the node sets without incentives for college students’ learning 
autonomy.
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Fig. 4. Comparison of simulation results with different similarity thresholds ω
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Fig. 5. Weight of node influence in the evaluation of college students’ learning autonomy

Fig. 6. The influence of feature integration on the evaluation performance  
of college students’ learning autonomy
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Table 1. Comparison of experimental results of different equilibrium parameters  
selected on six different networks

0.1 0.2 0.3 0.4 0.5 0.6

Network 1 12.5 15.9 11.2 35.2 32.4 13.5

Network 2 23.8 42.5 236.1 417.1 326.1 162.9

Network 3 112.4 152.6 147.9 436.9 304.7 135.2

Network 4 106.9 136.9 253.1 925.1 629.5 149.5

Network 5 85.3 157.2 285.4 641.7 614.1 131.2

Network 6 214.2 325.6 417.3 2514.2 1528.6 269.5

Next, this article further explores the influence of meta-path walking feature inte-
gration on the evaluation performance of college students’ learning autonomy. This 
experiment is a comparative experiment of four groups of feature integration methods. 
In the first group, it is designed to splice and integrate the walking features of uw

+ and 
uw

− departure calculation; in the second group, it is designed to splice and integrate the 
walking features of uw

+ departure calculation and the embedding features of the influ-
ence probability relationship of all nodes; in the third group, it is designed to splice and 
integrate the walking features and embedding features of uw

− departure calculation; in 
the fourth group, it is designed to splice and integrate the walking features and embed-
ding features calculated by uw

+ and uw
−. The experimental results are shown in Figure 6. 

It can be seen from the figure that after the completion of feature integration, compared 
with the two feature integration, the three feature integration can obtain more ideal 
evaluation accuracy and F1 value in the evaluation task of college students’ learning 
autonomy, which proves that feature integration has a positive effect on the evaluation 
performance of college students’ learning autonomy. At the same time, it’s also possi-
ble to find that the walking feature of uw

+ departure calculation has a more significant 
dominant position. Moreover, the integration of the embedding features of the influence 
probability relationship of all nodes will obtain better performance evaluation results, 
which verifies that the embedding features representing the global information of the 
network complement the information not contained in the meta-path walking features 
representing the detailed features of the network. Therefore, the integration of the two 
will achieve better results in the evaluation of college students’ learning autonomy.

6	 Conclusion

This article studies the evaluation method of college students’ learning autonomy 
based on social network support. Firstly, the local and global features of network nodes 
are extracted, and the social network roles of college students are divided. Then, a 
new logical structure network is constructed based on the vector representation of each 
node, which maximizes the influence of relevant nodes on college students’ social net-
work support. Finally, based on the new network structure, the meta-path walking algo-
rithm is introduced to evaluate college students’ learning autonomy by obtaining the 
attribute features supported by social networks through network nodes. Combined with 
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experiments, the influence simulation results of nodes corresponding to six different 
R scale networks are given, and verify that the constructed network model can better 
characterize the influence probability relationship among network nodes. The exper-
imental results of different balance parameters and similarity threshold ω on six dif-
ferent networks are compared, and an ideal new network structure is constructed. The 
influence weights of nodes in the evaluation of college students’ learning autonomy are 
given, and the influence of feature integration on the evaluation performance of college 
students’ learning autonomy is discussed to verify the effectiveness of the proposed 
evaluation method of college students’ learning autonomy based on meta-path walking.
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